Abstract
l-IDL receptors on macrophages play a significant role
The cell suspensions were 93-96% pure for monocytes and in the excretion of excess cholesterol [8] .
the proportion of viable cells was 90-95%. For cell culture, In our previous study we found that monocytes RPMI 1640 (Gibco) medium containing 10% fetal calf serum obtained from healthy control subjects after a 72 h was used in an ASSAB CO 2 incubator at 37°C (CO 2 5%, air incubation in RPMI 1640 medium produced a signific-95%, humidity 95%). Monocyte monolayers were incubated antly increased LDL and scavenger LDL expression under sterile conditions, and were washed vigorously before [10] . However in the present experiment it was surpris-the experiments. ing to find that after just 12 h of incubation not only LDL, but also scavenger LDL receptors were present LDL isolation in a well-determinable density on the surface of monocytes obtained from HD patients. The aim of the LDL was obtained from the pooled sera of healthy male present study was to examine simultaneously the volunteers by KBr density gradient ultracentrifugation expression of LDL and scavenger receptors on the according to the method of Cornwell et al. [13] , as modified by Szondi et al. [14] . LDL concentrations were expressed in monocytes obtained from control subjects and HD micrograms LDL protein/ml. The acetylation of LDL was patients after a 12-h incubation. We also investigated performed according to the method of Basu et al. [15] .
the LDL-induced inhibition of HMG-Coenzyme A reductase and the acLDL-induced apoE secretion and Specific and scavenger LDL receptor activity foam-cell formation.
Both receptor activities were measured by the method of Goldstein and Brown [6 ] . Labelling of non-acetylated and
Subjects and methods
acetylated LDL was performed according to the method of Sheperd et al. [16 ] . The specific activities of the preparations
Patients
were 300-400 c.p.m./ng. The monocyte-monolayer containing 106 cells per well (Nunclon plates with 16 wells) were The study was performed on 15 healthy male subjects and incubated with 50 mg [125I ]LDL or [125I ]acetylated LDL 11 male patients with end-stage renal disease on maintenance (acLDL) in 1.0 ml serum free RPMI 1640 medium either HD. The patients were placed on HD therapy of 4 h sessions with or without 300 mg non-labelled LDL or acLDL. The thrice weekly, using 1.3 m2 polysulphone capillary dialyser cell-bound radioactivities were determined after a 60-min (Fresenius 126). The Kt/V ratio was 1.10±0.20. The investi-incubation at 4°C. The amount of intracellular degraded gated patients had no liver enzyme elevation, proteinuria, LDL was also measured according to the method of Brown diabetes mellitus, or other endocrinological disorders, were and Goldstein [9] . Briefly, monolayers were incubated with non-smokers, and took no lipid-lowering medications or either 50 mg [125I ]LDL or [125I ]acLDL in the presence or antihypertensive agents that could alter lipoprotein metabol-absence of non-labelled ligands at 37°C for 4 h. The amount ism. Each patient was involved in our long-term dialysis of degraded native or acLDL was quantified from the programme and their uraemic state developed from tubulo-trichloroacetic acid-soluble fraction of the supernatants. This interstitial nephritis because we wanted to exclude those with fraction was used to extract the free iodine by applying immunological and metabolic disorders that are known to chloroform after hydrogen peroxide treatment. Values were alter lipid metabolism. The mean HD time was 60±12 then expressed as nanograms of LDL or acLDL protein/106 months. The venous fasting blood samples were always taken monocytes. To clarify the available concentration for experiin the mornings. (Table 1) 
ApoE secretion
The monocytes were vigorously washed and 1.0 ml RPMI 1640 containing 5% heat-inactivated mixed human serum plus 50 mg acLDL protein was added to the cells. After 12-h incubation at 37°C, the supernatants were removed and concentrated using an Amicon 25 filter. The apoE concentration of the aliquots was determined using laser nephelometer (Hyland ) as previously described [10, 18] . Values were expressed as mg apoE/12 h/106 cells. 
Statistical analysis
For mathematical analysis the unpaired t-test with Welch's correction, the ANOVA Student-Newman-Keuls SAS 6.12 program, and Graphad Software Inc. Prism V. 2.0 One Side Binding (Hyperbola) program were applied. Figure 1 shows that the binding of labelled LDL to monocytes of healthy control subjects increased during the first 48 h of incubation, and after 48 h the binding slightly decreased until the 5th day. In contrast, in the HD group the LDL binding decreased significantly. a reasonable increase was found only from the 3rd day ( Figure 2 ). The binding of [125I ]acLDL to the HD monocytes was increased significantly on the first day terol synthesis inhibition, apoE secretion, foam-cell formation) in control and HD-monocytes after 12 h of of culturing and a further increase in binding was found after the 3rd day of culturing. By using the incubation are presented on Table 2 . According to our data the binding and intracellular degradation of mathematical analysis of the two curves, differences between the control and HD groups were significant labelled LDL was decreased by HD monocytes P<0.001). Based on the K d and V max values of LDL in the case of both LDL and scavenger receptors. The [125I ]LDL and [125I ]acLDL binding, intracellular receptors it was found that on HD monocytes the V max was decreased compared to the control value, whereas degradation, and their biological consequences (choles- their affinity (K d ) to LDL was not changed. In addition, should be noted that the CD36 (class B) scavenger receptor expression increases simultaneously with in the HD group a significant decrease in the 50 mg LDL protein/ml-induced inhibition of [14C ]acetate macrophage maturation [23] . In our previous studies it was found that after the 72-h incubation period the incorporation into the cholesterol fraction of cells was detected, suggesting that either decreased LDL recep-LDL and scavenger receptor densities on control monocytes were nearly equal [10] . In our present work, tor density or functional receptor impairment are present on HD monocytes. In contrast, the acLDL binding the LDL receptor expression was lower in the HD group, during the 5-day culturing, than in the controls. and intracellular degradation increased extensively in monocytes from HD patients compared to the control On the control monocytes the scavenger receptor expression was low as usual in the early period of the cells. In addition, either K d ) or V max of scavenger receptors on HD-monocytes were enhanced compared culturing, followed by a sharp elevation. In the HD-group, the LDL receptor expression was lower, to the control values. The 50 mg acLDL proteintriggered apoE release was decreased in HD monocytes while the scavenger receptor expression was higher, compared to the control cells during the 5-day culture compared to the release from the control cells. These findings were supported by the increase in cholesterol period. It is noteworthy that there is a marked expression of scavenger LDL receptors after 12-h incubation inclusions, i.e. foam-cell formation in the HD group. on monocytes of HD patients. As a result of these experiments, the use of a 12 h incubation period Discussion assumes importance, since experiments under such conditions are not disturbed by monocyte-macrophage maturation. Another question was the selection of The role of LDL and scavenger receptors in disturbed optimal LDL and acLDL concentrations. According lipid metabolism of uraemic and HD-treated patients to the concentration-dependent binding of labelled is multifactorial. In the circulation of these patients LDL and acLDL, firstly, in our experiments, 50 mg the unchanged LDL level is associated with low HDL LDL protein/ml was applied. On the other hand, the level, making the LDL/HDL ratio high [1, 20] .
Results
decreased V max value and the unchanged K d value of According to the experiments of Portman et al. [5] it
[125I ]LDL suggest a decrease in density of specific is known that in lymphocytes of uraemic patients not receptors on HD monocytes associated with an only the LDL receptor function, but also the mRNA unchanged receptor affinity. Based on the binding level is decreased. In contrast, the number of scavenger assay which was performed with [125I ]acLDL either receptors on monocyte-macrophages increased signi-V max or K d values increased significantly after 12-h ficantly as described by Ando et al. [21, 22] . According incubation of monocytes from HD patients. The recepto the authors the sera of uraemic patients can enhance tor assay of scavenger receptors suggests the presence scavenger receptor expression in vitro on U 937 cell of only one type of receptor either on the control or line. However, in our experiments the monocytes were on the HD monocytes. This result may be due either obtained from patients with HD, while the LDL and to the applied ligand or the early time point of measureits acetylated form originated from healthy volunteers.
ment. The intracellular degradation of LDL and modiIt is known from the earlier publications of Brown fied LDL suggest a direct association between the et al. [6 ] , that the LDL receptor expression increases binding and degradation by monocytes in both groups. after 12-24 h in vitro incubation, while at this early
The most significant biological effect of LDL incorpperiod of incubation, the scavenger receptor expression oration is the inhibition of HMG coenzyme A reducis low because the expression of this receptor depends on the in vitro monocyte-macrophage maturation. It tase, i.e. the endogenous cholesterol synthesis. The
